percent of regenerative calli (66.7%) following by a number of plants per embryo (35.6%) and callus formation (5.1%). Components of phenotypic variance showed that factor year (71.4%) had the highest impact on expression of callus formation, genetic factor (47.1%) on percentage of regenerative green-spotted calli and interaction year/genotype (30.3%) on number of plants per embryo. The results indicated factor genotype as the most important for determining regeneration potential in wheat.
INTRODUCTION
Wheat is one of the most important crops in the world. With the development of plant molecular biology and genetic transformation has become one of the central issues in molecular breeding (VASIL, 1994) . Biotechnological approaches involving genetic transformation of wheat (PATNAIK and KHURANA, 2001 ) can be integrated into conventional breeding efforts to enlarge the germplasm pool and to enhance agronomic traits. For the practical application of these methods, efficient production of transgenic plants is required. Plant regeneration from target tissues or cells is an important step in transgenic plant production. Several tissues and cells have been examined as targets, such as immature embryos, immature inflorescences, microspores, mature embryos, shoot meristematic cultures, and protoplasts isolated from embryogenic cell suspensions (for review see MAHESHWARI et al., 1995) . Among them calli derived from immature embryos appear to be easy to handle and to regenerate plants efficiently in wheat.
Many factors could affect tissue culture responses of wheat, particularly formation of embryogenic calli and plant regeneration. These factors include explant tissue (VASIL, 1994) , culture medium and its supplements (MATHIAS and SIMPSON, 1986) , donor plant growth conditions (HESS and CARMAN, 1998) , among which genotype is often the dominant one. However, for a given cultivar, the cultural response cannot be known before being tested, because we have not a lot of data about the related mechanisms of tissue culture response control. In several cases, in vitro regeneration is shown to be a quantitative trait, (BHASKARAN and SMITH, 1990; BREGITZER and CAMPBELL, 2001) , and the hexaploid nature of wheat makes the situation even more complex. To date, several studies have been described for mapping the genes that affect the plant regeneration ability from wheat immature embryos (BEN AMER et al., 1995 .
As a part of long-term project on wheat biotechnology, we evaluated the tissue culture response in 96 wheat genotypes of worldwide origins. In tissue culture of cereals, including wheat, 2, 4-D is often used for callus induction (BHASKARAN and SMITH, 1990) . This growth regulator is used to induce wheat calli, studied the callus formation and regeneration ability in wheat immature embryos and influence of genotype and environmental condition factors on the culture response.
MATERIAL AND METHOD
Plant material Ninety-six genotypes of wheat (cultivars, lines, local varieties), collected at the Institute for Field and Vegetable Crops Novi Sad, were grown in experimental field at Center for Agricultural and Technological Research in Zajecar, and used as embryo donor plants. These genotypes were chosen on the basis of contrasting expression for one or other of 26 traits important for wheat breeding program in Serbia (KOBILJSKI et al., 2002) . Seeds were sown in October of 2003, 2004 and 2005 . Rows were 1 m long at 20 cm spacing in two replications, with a sowing rate of 70 seeds per row. A complete randomized block design was used in the trials. Weeds were periodically removed by hand. The environmental conditions were not artificially controlled and growth conditions during vegetation were different among the years according to precipitation and air temperatures (Table 1) . Immature embryo culture Immature seeds were collected 13-15 days after anthesis from field-grown donor plants and stored at 4 ºC for 24 h in refrigerator. They were surface sterilized using 70% ethanol (1 min), rinsed 3 times with sterile distilled water, disinfected in a solution containing commercial NaOCl bleach (8% active chlorine) with a few drops of the fungicide Captan (30 min), and rinsed four times with sterile water. Immature embryos, about 1.5-2 mm long, were isolated aseptically and cultured, with scutellar side up, on 20 ml solid nutrient medium in Petri dishes (30 embryos per one dish) in two replicates per genotype. The culture medium contained MS (MURASHIGE and SKOOG, 1962) , and day/night regime of 16/8.
Evaluation of tissue culture response and statistical analysis
The in vitro response of ninety-six wheat genotypes was evaluated by measuring the following parameters: the percentage of immature embryos which developed a callus tissue, the percentage of calli with regenerative potential, and the average number of plants per regenerating embryo. The experiment was performed in three successive years 2003, 2004 and 2005 . About 30 embryos in two replicates (about 60 embryos) per genotype were used in each experimental year. The callus formation was scored four weeks after plating, and it was calculated as the number of embryos with induced callus over the total number of embryos plated x 100. Callus regeneration was scored after six weeks of culture on 2, 4-D containing medium. The criterion used to determine regeneration was the formation of green spots or distinguishable shoots. Callus regeneration rate was defined as the percentage of callus that had regenerated shoots. Plants regenerated per regenerative embryo was scored two weeks after the regenerative calli were transferred to growth regulator-free medium and calculated as mean number of plants obtained per 10 regenerative calli.
The data were analyzed using two factorial ANOVA and the LSD value was employed for the mean comparisons. The components of phenotypic variability were analyzed in order to study the influence of the genotype and the environment on phenotype.
RESULTS AND DISCUSSION
Callus induction from immature embryos Calli were induced from immature embryos of 96 wheat genotypes, isolated 13-15 days after anthesis, which was correspond to the embryo developmental stage III (TAKUMI and SHIMADA, 1997) . All wheat genotypes induced calli while the induction rate varied depended on year and genotype (Table  2) , and coefficient of variation for this trait was 5.1%.
In the year 2003 callus induction rate was in average 79.5%, and at 92 genotypes more than 70.0% of embryos formed calli. Only four genotypes showed a low rate of callus induction, ranged from 36.7% (Hira) to 46.7% (Brigand). Generally for all genotypes, the higher callus induction rate embryos displayed in the years (2004 and 2005) with suitable environmental conditions for the donor plant growth. In these years more than 90.0% of isolated embryos in all genotypes produced calli. A high frequency of callus induction from immature embryos of wheat was also observed earlier by BOMMINENI and JAUHAR, 1996; MITIĆ et al., 1999; MACHHII et al., 1998) . Shoot and plant regeneration The regeneration response was detected as the frequency of green spotted calli and it is presented in Table 2 . Calli with green spots, so-called regenerative calli, were observed in most of the wheat genotypes examined in this work. However, a wide variation in frequency of calli containing green spots was observed (CV=66.7%), and a statistically significant differences in the mean value of this trait among cultivars and years was found. In the years 2003, 2004 and 2005 , the variation ranged from 0 to 72.5% (17.5% on average), 0 to 97.9% (38.0%), and 0 to 94.0% (36.3%), respectively. The highest responsive genotypes with an average regeneration response in the three years over 60% KANNA and DAGARD (2001) . These results suggested that although the plant genotype plays critical role affecting the efficiency of regeneration from explants (MATHIAS and SIMPSON, 1986; RAJYALAKSHMI et al.; 1987, TAKUMI and SHIMADA, 1997) , while environmental factor can modify significantly regeneration potential of wheat calli. HESS and CARMAN (1998) reported that certain environmental conditions such as high donor plant temperature can eliminate embryogenic competence in small embryos. Their explanation for this phenomenon is hormone-based hypothesis that environmental factor decrease hormone (cytokinin/auxin) level and induces or prolongs embryogenic competence regardless of genotype.
Calli Analysis of the components of phenotypic variance showed that factor year (71.4%) had the highest impact on expression of callus formation, genetic factor (47.1%) on percentage of regenerative green-spotted calli and interaction year/genotype (30.3%) on number of plants per embryo.
In conclusion, the regenerative potential of calli varied significantly among tissue culture response traits tested, it was genotype depended, although environmental conditions can influence some modification of callus regeneration potential. The wheat genotypes showed high ability for plant regeneration in immature embryo culture seem to be the most suitable for further work concerning in vitro wheat improvement and for genetic engineering.
